Phage D10, a Vibrio cholerae O-1 E1Tor group X phage, is one of the five newly isolated phages used in the phage typing scheme developed for V. cholerae O-1 biotype E1 Tor and belongs to the Myoviridae family. From electron microscopic studies it is shown that phage D10 has a DNA genome of 32+0.2 kb. This is the first report where it has been shown by the construction of a partial denaturation map that this vibriophage genome is nonpermuted and has cohesive ends. The location of the ends of the DNA in the phage head has also been inferred.
Phage D10, a Vibrio cholerae O-1 E1Tor group X phage, is one of the five newly isolated phages used in the phage typing scheme developed for V. cholerae O-1 biotype E1 Tor and belongs to the Myoviridae family. From electron microscopic studies it is shown that phage D10 has a DNA genome of 32+0.2 kb. This is the first report where it has been shown by the construction of a partial denaturation map that this vibriophage genome is nonpermuted and has cohesive ends. The location of the ends of the DNA in the phage head has also been inferred.
Phage typing is a widely accepted method for typing Vibrio cholerae, the causative agent of cholera in humans. V. cholerae is divided into two biotypes: classical and E1 Tor. From 1961, most cholera epidemics have been caused by V. cholerae O-1 biotype E1 Tor (Mukerjee, 1978) . A phage typing scheme has been developed for this biotype (Basu & Mukerjee, 1968) but has severe limitations for epidemiological purposes as most strains are clustered into two phage types (Ansari & Pal, 1990) . In order to overcome this problem, an alternative phage typing scheme has recently been developed using five new phages, N4 (group VI), $5 (group VII), $20 (group VIII), M4 (group IX) and D10 (group X) (Chattopadhyay et al., 1993) . Preliminary characterization of these phages has been carried out (Chattopadhyay et al., 1993) . This communication deals with the study of the genome of one of these phages, D10, using electron microscopy. A partial denaturation map of the phage DNA has been constructed and used to characterize the genome. To our knowledge, this is the first report of the construction and application of a partial denaturation map in the characterization of a vibriophage genome.
A phage lysate of D10 was prepared either in liquid nutrient broth culture or soft agar overlay using MAK757, a V. choIerae O-1 biotype E1 Tor, as the propagating strain (Adams, 1959) . The phage lysate (10 TM p.f.u./ml) was centrifuged at 20000 r.p.m, for 2 h at 4 °C in a Beckman 50.2Ti rotor (Ghosh et al., 1989) to pellet the phage particles. The pellet was suspended in 1/100th volume of 0.05 n-Tris-HC1 pH 7"5, 0-02 MMgC12 (TM buffer) to concentrate the phage particles and was stored at 4 °C. The phage was found to be unstable in CsC1 so the concentrated phage particles were purified on a 10% to 60% (10%, 20%, 25%, 30%, 40 % and 60 %) sucrose step gradient at 35000 r.p.m, for 1 h at 4 °C using a Beckman SW41Ti rotor. A sharp band was observed at the interface of the 40 % and 60 % sucrose layers. The band was eluted carefully and dialysed against TM buffer with three successive changes.
The purified phage suspension (20 pl) was adsorbed for 1 rain to carbon-coated grids and stained with 2 % uranyl acetate. Magnification was calibrated with beef catalase crystals (Pelco). A representative electron micrograph of the purified phage D10 is shown in Fig. 1 . The phage has an icosahedral head and a long tail, with dimensions of 62.95+0-06 nm and 101.40_+0"30 nm respectively (Chattopadhyay et al., 1993) .
Phage DNA was isolated using the phenol-chloroform extraction method as described for bacteriophage lambda (2) (Sambrook et al., 1989) . The D10 D N A was spread using the basic protein monolayer technique of Kleinschmidt et al. (1962) with the modification described in Inman (1982) . The spreading solution contained D10 DNA (0.5 tag/ml), pBR322 marker DNA (0.05 ~tg/ ml), 5% formaldehyde, 1 mM-Na2CO 3, 1 mM-EDTA, 50% formamide (Sigma) and 0.01% cytochrome c (Sigma), at pH 7-4. The hypophase was double distilled water. Samples were stained with uranyl acetate and rotary-shadowed with platinum (Davis et al., 1971) . Grids were examined using a Philips 420T electron microscope. Fig. 2 is a representative electron micrograph of phage D10 DNA. The two free ends of the DNA are clearly seen in the micrograph which indicates that the DNA is linear. Negatives were enlarged fivefold, and the contour length of the DNA was measured with a fine-pointed divider. The length of the D N A was found to be 32 + 0.2 kb. The internal calibration standard was pBR322 DNA (not seen in the micrograph) whose length was assumed to be 4.36 kb.
Partial denaturation was carried out as described in Inman (1982) . A high pH (11-1) buffer was prepared containing 0.0678 M-Na2CO a, 0"0107-M EDTA and 34 % formaldehyde. The DNA solution (7 I.tl, 0-2 to 0.5 gg/ml) was gently mixed with 3 I~1 of the high pH buffer and left for 15 rain at 37+ 1 °C. This solution was mixed with formamide and cytochrome c to a final concentration of 50% and 0.01% respectively and spread on double distilled water. A total of 40 molecules from 10 independent preparations were photographed. cohesive extensions like coliphage/I, P2, 186 and 80 (Tye et al., 1974) .
The location of packaged phage DNA ends inside the phage head was determined by the method of Chattoraj & Inman (1974) . Phage particles were incubated in a solution containing 10% formaldehyde (pH 10.5) 1 mMNa2CO 3, 1 mM-EDTA for 15 min at room temperature and then spread in the presence of 50 % formamide and cytochrome c, the phage DNA was released and one end of the DNA was found to be attached to the phage tail. Partial denaturation of the released DNA showed that the phage tail was attached to the GC-rich left-hand end of the DNA (Fig. 7) . When the same experiment was performed in the absence of formaldehyde, no specific attachment of the tail to the released DNA was observed. Thus it is inferred that the GC-rich end of the DNA is packaged last and stays in close proximity to the phage tail. When the phage is incubated with 10% formal-
